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OF!l!HEWING ALUIKE

By GeorgeA. Rathert,Jr.,Carl
andL. StewartRolls

smMARY

M. Emson,

Theliftandpitohing-m~ntcharacteristicsofa straight
wingofaspeotratio4,taperratio0.5,havinga qmetrical
double-wedgeairfoilseotionwitha maximumthiclmessof k k
peroentchord.,havebeenmasuredby theNACAwing<low~thod in
thelkchnuziberrange0.51to1.20andtheReynoldsnmiberrange
3&),ocQto 660,000. Theresultsarecoqred withtheoryandwith
wind-tunneltestsofa similarmodel.

Below0.82lkchnunber,theliftiurveslopewasnotaffected
by surfaceconditionandcouldle computedquiteaccuratelyby
wing theWeissingerlifting-linemethod,Above0.82Machnuuiber,
thelift-ourveslopeinoreasedmoreabruptlythanindicatedby
theory,reacheda peakat O.g2Mwh number,thengraduallydecreased
thereafterata lowerratethanindicatedby Iagerstromtslil?ting-
surfacetheoryforsupersonicspeeds.In theMachnuriberrangeof
0.82to 1.00,boththeliftandpitohing-mxkmtcharacteristics
wereconsiderablyaffeotedby thesurfacecontition,and,pres~
ably,thetestReynoldsnumber.

d‘i

Thepitching+oment+urveslopesindicatedthatUP to0.83
Machmmibertheaerodynamiccenterremainedat approximately0.25
M.A.C. h eneralagreemmtwiththeoryandwtid+bmneltests.

8BetweenO. 3 smd1.!20theaerodynamiccentermovedrearwardto
0.42M.A.C.,approachingthesupersonictheoreticalcurve.

,
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2 NACARM No.A&L20 .

INTRODUCTION .

TheNACAwing-flowmethodiscurrentlybeingusedto studythe
effectsofMachnumberonthelif+mrve slopeandaerodynamic
centerof severalt~es ofwingplanformssuitablefortransonlcor
supersonicflight.Thisreportpresentstheresultsforthefirst
planformtested,a straightwingofaspectratiok,taperratio
0.5,havinga symmetricaldo@le+edgeairfoilsectionwitha msxi-
mumthicknessof4.%rcent chord.

Theprimarypurposeofthetestprogr~isto detezmineifany
abruptorexcessivechangesoccurinthetrsnsonicspeedrange;
however,theresultsarealsousedto investigatetheextentto
whichthecharacteristicscanbe predictedtheoreticallyandto
evaluatethetestingtechniqueby providingdirectcomparisonwith
wind-tunneldataathigherReynoldsnunibers.Thesemispanwingwas
designedasa l/9-scalemodelofa wingtestedintheAmes12-foot
pressurewiredtunnel(reference1),thesourceofthecomparative
data.

Ax

CL

cm

Smmacs

ratioofthenetaerodynamicforcealongthetestvehicle
X axis(positivewhendirectedforward)totheweight
ofthetestvehicle

liftcoefficient
()
lift
~

pitching+mmntcoefficient,usedwithstiscriptto denote

longitudinalreference

Machnsmiber
(J
~

()
pvc

Reynoldsnumber ~

(’ -itchaxis
)

moment
qs?~

wing exeaof the semispenmodel,squarefeet

airspeed,feetpersecond

speedof sound,feetpersecond

wingspem~feet

.
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100alohord,feet

()b/2

mean aerodynamicohord ~ , feet
/2=@

o
rootohord,feet

-c pressme
()
~~ s pOUndspersquarefoot

100alvelocity,feetpersecond

spanwiselooation,feet

distanceshovetest+tationsuface,inohes

angleofattaok,degrees

loundsry-layer thiokness,inohes

displammenttkklmess
{[ e(L-~)] dz}, i..hes

airvisoosity,slugsperfoot+econd

massdensityofair,slugsyer ou%iofoot

2>peroentM.A.C.

50-peroentM.A.C.

Subacmipts

referenceaxis

referenceaxis

edgeofboundarylayer

TESTEQUIJMENT

Thedatawereobtainedby plaoingthesemispanmodelina
regionofameleratedairflowovera specialbuil~p teststation
onanairplanewing. Themodelwasmountednormaltothetest-
stationsurfaceona three-oomponentrecordinghalanoewhichwas
oscillatedcontinuouslyto varytheangleofattaok.A viewofthe
teststationwiththemodelinstalledisgiveninfigure1.

-
●
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Model

Themodelwasa l/9-scalereproductionoftheonedescribed
inreference1 andwasconstructedof solidsteel.Practical
niachiningtolerances,whichwereexpendedmainlytokeepthemodel
symmetrical,resultedinthedimnsionsindicatedinthedrawing
ofthemodel(fig.2). Theonlysignificantdifferencebetweenthe
wind+unnelandwing-flowmodelswasa reductionof0.1~ercentin
thichessratiowhichshouldprimarilyhaveaffectedthedragdata.
Themeasurementsweremadeto an accuracyofkO.0002inoh.Figure3
isa photographofthemodel.

.

Balance

Thethree-componentbalanoe(normlforce,chordforce,and
pitching?mmmt)isillustratedsohemticallyinfigure4. Thetop
ofthebalance,whichis 6 inohesindiameterandservesas the
modelendplate,is supportedby foursidepostsinsucha manner
thatitispreventedfromtiltinghy thesidepostsbutrestrained.
fromtranslationandrotatimby theappro~iatestrain+@gemmbers
only.Flowfromtheinteriorofthewingthroughthegaptothe
wingsurfaceisimpededby a thre~lementbafflewitholearanoesof
0.015inch.Themodelangleofattackisvaried%yrotathgthe’
entirebalanceassetilyata rateof 1°persecond.Thefixedand
rotatablepsrtsareindioatedinfigure4.

Thestrai~ge elementsareenclosddina thermllyins-ted
drumcontaininga heatsupplyandregulatorintendedtomaintaina
constantoperatingtemperature.Thegageoutputsarereoordedby
standardNACAdouble+lementgalvanometerssynchronizedathalf-
secondintervalsby an electrioobmnometer.Thegalvanontersand
thecurrentregulatorsarealsomintainedat theoperatingte~r-
atureof thegagesinthehalanoeohamber.

Flow

Measuredcharacteristicsof
talandtheverticalMachnuiber
layerprofile.Themeasurements

Field

theflowfieldincludethehorizop
gradientsandtest+tationboundary-
weremadewithoutthemodelin

placebutunderconditionsof constantairplaneMachnumber,normal
acceleration,andaveragepressurealtitudeotherwiseidenticalwith
thetestruns.
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ThestrearawiseorchordwiseMachnumberdistributionswere
computedfromthestatio~essureon thetest-stationsurfaceand
thefree-streamstagnationpressure.Thesedata(fig.5)indicate
thatthechordwiseMachnuuibergradientonthemodelwasleesthan
0.01perinchata testhch nuniberof1.20.Thisgradientfalls
offto zeroat thelowerMachnumbers.

Thevertical(spanwiseon themdel)Machnumbergradientswere
studiedindirectlyona similarteststation%y recordingtotaland
staticpressuresat the6&percen~hordpointon a l&inc&high
wedge+hapedairfoilandcomputingthespnwisevariationoflocal

. Machnunheronthewedge.Accordingto thesedata(fig..6),the
Mch nunberdecreasedapproximately0.01foreachinchofmodelspan,
andthegradientwasrelativelyindependentoftestMachnuder.
Directmasuremsntsofa verticalstaticpressurefieldshowing
resultsconsistentwiththosepresentedherearediscussedinrefe-
ence2.

Typicaltest-stationboundary-layerprofilesare~esented.in
figure~. Thesedatawereobtainedhythemthodedescribedin
reference3 andusedtocompute theboundary-layerdisplacermnt
thickness,0.045inchata test=tationhkchnuaiberof1.15.The
ratioofdlsplacemmtthicknesstomodelheightwasO.011whichis
comparablewiththevalue of 0.014forthetestscdreference1.

ThevaluesofMachnuder anddynamicpr?ssureat themodel
centroidofareaweredeterminedfromtheprecedinggradientsand
usedinthereductionof+&etestdata.Thecorrespondingaverage
variationofmodelRepoldsnumberwithtestJhchnumber(fig.8)
wascomputedby assumingisentroplcexpansionfromfree+tmam
stagnationconditionsto theteststationata pressurealtitude
of15,000feet.

ACCURACY

Deviationsintheexperimentalresultsfromthecorrectfull-
scalefree-flightcharac~ristics=y arisefromthreesources:
(1)uncertaintiesinthedirectphysicalmeasurements,(2)msasur+
nwnterrorsIntroducedbyaerodynamiceffeots(e.g.,theeffectof
thepresenceofthemodelon theflowfield),and (3)actual
changesinaerodynamiccharacteristicsresultingfromdflferenoes
in scale.

.

.
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Dataprecisionisnormallydefinedintermsof justthefirst
twosourcesoferror;however,intestsofthepresenttypethe
unknownscaleeffectsmaybe quitelargeandcannotbe separated
experimentallyfromtheerrors.It ispossibletotreatindividuald.y
onlythedirectphysicalmasuringequipnwntanditsaccuracy,which
isthesubjectofthissection.

Machlhniber

Theresultsofthecalibrationrunsindicatethattheover+ll.
uncertaintyinMachnuniberis*2.Opercent.Thisfigureincludes
variationsfromflightto flightandalsowithinthe10+econd
periodinwhichtherecordsareobtained.Thecorrespondinguncer-
tatutyh dynamicpressurevariesfrom+3.4to*1.8percentover
theMachnuder range.

AngleofAttack

Thelocalflowdirectionwasobtatiedby averagingthemas-
uredattitudesofthetwofiee%loatingreferencevanesvisibleon
eithersideofthemodelinfigure1. Theangleofattackwas
computedfromthepositionsofthereferencevaneswhichweremeas-
uredby a directopticalsystemwithan accuracyof N.l” endthe
angularpositionofthemodel(correctedformoment-agedeflection)
whichwasmeasuredby anautosynsystemwithanaccuracyof K1.40.
Theconibin.edprecisionwasthereforet0.420.

ForceMeasurements

Themajoruncertaintyh theforcemeasurementsisa variation
inthestrain~agezero-loadreadingsunderoperatingconditions.
Thisuncertaintyamountsto =.0 percentofthemaximumloadvalues,
or MI.06poundnormalforce,K1.02poundchordforce,andto.06
inch-poundpitchingmoment.Thecalibrationslopesarenotaffected.

TareCorrections

Thefollowingsourcesoftareloadswereinvestigated:(1)
frictioninthebalanceassembly,(2)forcesonthemodelandbalsnce
topdueto staticpressuregradients,(3)accelerationloadsdueto
theweightofthemodelandbalaucetop,(4)skinfrictiononthe
balancetoporendplate, ionbetweenthenormal-and

.
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chor&forcegagesduetomisalinemzmtaboutthegageneutralaxes.
Thefirsttwoeffectswerefoundtocausetareforcessmallerthan
one-halfofonepercentof themximumloadsandhaveteenneglected
Correctionsforthelastthreeeffectsweredeterminedhndhavebeen
appliedas describedinthefollowingparagraphs.Thecorrections
areallchord-forcetaresandanmuntto severaltimesthemagnitude
of thebasicdragforces.Forthisreasonno dragdataarepresented
andthecorrectionshavebeenusedonlytacomputeCL and ~%.25c

~ccelera~.-The longitudinalaccelerationof thetestairplane
~roduceda tareforcein thestreamwisedirectionequaltothe
yroductof AX andtheeffectiveweightof thebalancetopandmodel
asseuibly,3.51pounds.Thetarecorrectionswerecomputedfrom
continuousmeasurementsof Ax obtainedfroma sensitiveaccelero-
metermountedparalleltotheplaneof thebalancetop.

Skinfriction.-An additionalstreamwisetareforcewas
producedbytheskinfrictionactingon therelativelylargeareaof
thebalancetop. Theskin+frictionhag coefficientwasmasured
duringtestswithnomodelin@ace andthenappliedtotheareaof
thebalancetopexposedwiththemodelinstalledtocomputethetare
force.At a test-stationh?achnumberof 0.51theskin+?rictiondrag
coefficientwas0.005,givinga tareforceequaltoa modeldrag
coefficientof0.0177at zeroangleofattack.

Misalinem3nt.-Thethirdcorrectionfoundnecessarywasone
appliedto thechord-forcedataas a functionofnormalforceto
com~nsateforthemisalinenwntof thechord<orcegageaboutits
neutralaxis. Thecomectionwasdeterminedfromstatic-loadcali-
brationtests.

SumuazyofAccuracy

Almostallof theprecedingerrorsareofa t~e thatwouldbe
constantwithinonediveor oneangle-of+ttacksequence,whichmeans
thattheaccuraciespresentedapplyprincipallyto thedetermination
ofabsolutevaluesandthatthemeasurementof slopessuchas
dOL/dashouldbe moreprecise.Thisreasoningmaybe substantiated
by comparingtherelativeamountofscatterintheplotsof dC+
withthescatterin ~ for a = O.

Theeffectof theprecedinginformationwillbe illustratedby
a tablepresentingexamplesof theabsolutevalueandtheuncertainty
of thetestdataat thelowestandhighestdynamicpressuresanda
liftcoefficientof 0.50.

●
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Q.uantitm M = 0.51

l&chn@er, M..... . . . . . . . 0.51+0.01,
Angleofattack,a, degrees.. . . . . . 7.3~ 0.4

Liftcoefficient,CL . . . . . . . . 0.500* 0.018

Titching-mcmmntcoefficient

c!m_~~.”””@””””” “O”1OO*O”OO5
o.goc

h . . . . . . . ● 4.023 *0.007
o.e5F ”””””

Dragcoefficient,CD. , . . ● . . . 0.011*0.004

TESl?SANDRESUIK’S

M = J.EQ

1.20* 0.02

5*9ko.4

0.500 *0.009

0.047 fo.ool

-0.077 *0.002”

0.030 * 0.001

Themodelwastestedwithtwosurfaceconditions;polishedsmooth
andcoatedwitha mixtureofclearlacquerandlamp%lackoverthe
leading5&percent&hordportionofbothsurfaces.Thelargest
lampblackparticleswereO.~2-inchhigh.

Thedatawererecordedintheformoftimehistoriesofan
oscillationofthemodelfrom< 0 to+80angleofattackat constant
Machnumbersrangingfrom0.51to1.20.ThecorrespondingRewelds
numbersmaybe foundinfigure8. In ordertoobtainstabletest
data,thetes&stationMachnunberwasheld-constantandthemodel
rotationstarted3 to5 secondsinadvanceof the~riod inwhich
thedatawereused.Threetypicaltimehistoriesarepresentedin

# figure9.

Theliftandpitching+nmmmtcharacteristicsofthemadelwith
the~olishedsurfacearepresentedinfigures10andI-1.Thechara-
teristicsoftheroughenedmodelarepresentedinfigures12and13.
Testsof theroughenedmodelwithan extendedangle-of<ttackrange
too%tainstalldetailata Wch n~er of 0.88arepresentedin
figure14. Thepitching~mentdatainfigures11,13,and14have
beentransferredfromthe0.50M.A.C.axisofmeasuremmtto the
o.25M.A.c.axis..

.

.

,



.

.

NACARM NO. A8L20

DISCUSSION

.

.

9

Examinationoffigures10and12 showsthatat allMachnumbers
theliftvariedlinearlywithangleofattackup toapproximately
0.50liftcoefficient.Thepitching—momentdata(figs.11and13)
indicateam increaseinstabilityor largerearwardaercdynamic-
centershiftstartingat liftccefficientsof0.30to0.40.Below
thisstablebreakthedatawerelinearat allMachnunibers.The
precedihgcharacteristicswerenotaffectedappreciablyby changing
thesurfacecondition.

Mximumliftwasattainedonly’ona fewrunsnearthecritical
lhchnuniber.AlthoughthetestReynoldsnunberisquitelow,a
representativetimehisto~ofa completestalliS presentedasa
matterof interestinfigure9(b). Thecorrespondingcrossplots
arepresentedinfigure14.

.
Hf ectsofMachIhuiber

TheeffectsofMachntier on theliftaurveandpitching-
momen-urveslopesat zeroliftcmepresentedinfigure15.
Symbolsareusedto indicatetheindividualslow measurementsin
orderto showclearlytheamount& scatterobtainedinrelation
tothesizeof thechangestiscus~ed.

TheI-i.ftiwveslopeof thewingwithpolishedsuxface
increasedsmothlyup to 0.82Machnuniber,thenrosemoreabruptly
toa maximumof0.104at O.~ Machnumber,an increaseofabout
50percentoverthelow-peedvalue.At higherMachnumtersthe
slow decreasedgraduallyup tothelimittestMachnu?iber,1.20.
Addingsurfaceroughnessflattenedouttheabruptriseheiiween
0.82and0.~ ,Wchnumberssothatthepeakvaluewaslessand
occwredata higherMachnuniber.Thiseffeatwillbe discussedin
moredetaillater.

Thepitchingaomen-urveslows indicatethatat lowspeeds
theaerodynamiccenterwasat the0.25M.A.C.point.Therewas
rektivelylittlechangeup to 0.83Machnvmiberwhentheaerodynamic
centermovedreaxward toabout0.34M.A.C. at 0.88Mch number.b
theMachntier rangeO.~ toO.~ there was a emll reductionin
stability,equivalenttoa forwardmovementof0.025M.A.C. From
O.~ to1.20Machnunibertheaerodynamiccentermovedsteadilyto
therearto 0.42,M.A.C.at 1.20Machntier, Theresultofadding
surfaceroughnesswasthesameas inthecaseoftheliftiurve
slow,affectingthedataonlyintheMachnumbermnge of 0.88to
O.g.
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ComparisonwithWind-TunnelTestsandTheory <

The
pressure

dataarecomparedwiththeresultsoftheAmesl=foot
windtunnel(reference1) infigure15,andwithappro-

priatetheoryinfigure16. TWOsetsof thewind-tunneldataare
~esentedin ordertocomparetheeffectofroundingofthemidchord
ridgelhes withtheadditionofroughnessinthewing-flowtests.
I@ thetheoreticalcalmlations,thelifting-linenmtiodofWeissinger
as appliedinreference4 wasusedinthesubsonicrangeandcomected
forcompressibilityas suggestedinthereference.Forthesuper-
sonicspeedrange,theresultsofIagerstrom’slifting+nu?facetheo~
wereobtainedfromreference5.

Lift-curveSloVS.-Infigure17 Individualcurvesofthelift-
ooef’ficientvariationwithangleofattackforthewinp#?luwandthe
windAmnneltestsshowgoodagreermmtat 0.5&oh nuniber.Between
0.51and0.82hh nunibersthewing<lowandwind+hmnellift.anve
slopesremin inverygoodagreement(fig.15). Boththeabsolute
valueandtherateof increasewithMachnumberwerepredicted
acmu’atelybyusingtheWeisslngermethod(fig.16). Neither
changingthesurfaceconditioninthewing-fluwtestsnortheridg~
linecontourduringthewind-tunneltestshadEUKYsignificanteffect
onthelift+mrveslopes.

From0.82 to 0.93 Lhchnuuibertheexperimmrtalslopesincreased
muchfasterthanthetheoreticalvalue,andtheamountof divergence
fromtheorywasappreciablyaff~ctedby thesurfaceconditionand
therldg&linecontour.Thisriseandsubsequentpeakinlifkmrve
slopeisbelievedtobe dueto theeffectofMachnuniberonthe
negativepressurepeakassociatedwiththesharpridgelineonthe
uppermrfaoe. Addingroughness,whiohthickenstheboundarylayer,
androundingoftheridgelinetendto reduoethispressurepeak.
Thesemodificationsareseeninfigure15to reduoethelift-curve
sloperiseconsiderably.Also,theincreaseinlif%mrve slopeis
accompaniedby an equallyabruptrearwardshiftintheaerodynamic
centerwhiohcouldbe explainedby thessmeincreaseinthemidchord
negativepref3surepeak.

Thedataoffigure15 indicatethatthesurfac!eoonditionof
themodeloontinuestohavea oriticaleffecton thewingcharacter-
isticsthroughouttheMaohnuniberrange0.82to 1.00.Whetheror
notthesurfaaeoonditioniscritloalbeoauseoftheparticular
effeotsuggestedon theridge-linepressures,itseemsapparentthat
VISCOUSI?lQWeffeatsareinvolved.In thespecifiedMachnumber
range,therefore,themodelsurface,profile,andtestReynolds

.

numberallwouldbe very tionsInanyattemptto

●
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studyorpredictfull-scalechamcteristicsfrom

ThecorrelationbetweenthewinR-flowmodel

11

Smlknodeltests.

withpolished
surfaceandthewin&tunnelmodelwithsharpridgelinesisfairly
goodup to thepeakvalueoflif~urve slope.Thereafter,however,
thewin&Anmnelmodellosesltiteffectivenessmuchmcme~pidly.
Againthisclifferenceinbehatioriebelievedtobe duetoviscmm
andcompressiblefloweffects.Thepresenceofpressurepeakson
boththeup~r andlowersurfacesandtheaccomp@ng possibility
thatMachnuniberchangeswillaffecteachpeakdifferentlytiforda
gooddealof opportunityforlackofagreement.

Ih thesupersonicrangetherewasno effectoftheohangein
suzYacecontitlon,buttheagreementwiththeory(fig.16)isnot
as satisfactoryas inthesubsoniccase.Thevariationoflifk
curveslopewithMichntier waslessthanpredictedtheoretically,
although’tietestsdidnotertendtoa highenoughMachnumbertobe
reallyconclusive.

Aerod.vnamiccenter.-Thecorrelationbetweenwing<luwandwind-
tunneltests& themrked increaseinstablepitohing~nwnt-curve
slope,orrearwardaerodynamiccentershift,startingat O.@ lflt
coefficientwasquitegood,as illustratedinfigure17. Theslopes
ofthepitching~mentcurvesat zerolift,figure15,showonly
fairqualitativeagreemntwiththewin&tunnelresults.Thewing-
flowdataindioatea morerearwardaerodynamiccenteranda slight
movementaftinsteadofforwardwithincreasingMachnzmiber.These
discrepanciesarecorqarableinsizewiththeamountof soatterIn
thewin@?lcwdata.Boththewind-tumnelandthewing-flowcurves
showthessmeincreaseinstabili~withMachnumberassociatedwith
theabruptriseinlif~urve slope.

At supersonicspeedstherearwardmovemntoftheaeromc
centerap~oachedagreemntwiththetheoreticalvalue,as shownin
figure16. In thesubsonicrangetheuseof thelifting-linetheory
inherentlyplacesthecenterofpressureat thequarter<hordpoint.

CONCLUSIONS

NACAwing<luwmethodtestsofa thinstraightwingtitha
syauwtricaldouhl~edge~ofile,anda comparisonoftheresults
withtheoryandlargerscalewind-tunneldatahaveledtothe
followingconclusions:

1. IRrom0.51to 0.82Machnumberthelift-curveslope

.
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increasedsmoothlyandingoodagreementwiththewin&h.mnelresults.
Boththeabsolutevalueandtherateof inoreasewithliachnu?iber
wereyedictedaccuratelyby usingtheWeissingerlifting-linemthod.

2. Above0.82lkh nunberthelif-urve sloyeofthemodel
withpolishedsurfaceabruptlyincreasedmorera@ilythanindicated
by theov,reacheda naximumabout50pe~entWeatert~n the1~-
s&ed Vai;eat a Machnui?iberof
at higherspeeds.

3. WithintheMachntier
pitching~mmtcharacteristics
modelsurfacecondltlonand,by

0.g2,andthendecreasedgradually

range0.82to 1.00theliftand
wereconsiderablyaffectedby the
i~erence,thetestRepoldsnmer.

Theeffectsof compressibilityandviscosityonthenegativepressure
-s associatedwiththemidchordridgelinesaresug.gestedasa ,
possibleexplanation.

4. Inthelimitedsupersonicrangecoveredby thetests,1.00
to1.20Machnumber,thelift-curveslopedecreasedlessrapidly
withincreasinghch numberthanpredicted%y thelifting-surface
theoryofLagerstrom.

5. Thepitching-momentiurveslolesindicate*t UP to0.83
Mmh nurbertheaerodynamiccenterremainedatapproxirmtely0.25
M.A.C.ingeneralagreementwiththeoryandwind-tunneltests.
Between0.83aad1.20theaerodxc center~ved rearwardto0.42
M.A.C.,approachingthesuper~-c ~eoretic~c~ec me ~ve~nt
wasgradualexceptfortheWch numberrangeassociatedwiththe
abruptincreaseinlift-curveslope.

6. At allMachnuItibersa mmked increaseinthestable
pitching~ nt-curveslopesoccurredstartingat 0.30toO.@ lift
coefficient.Thischaracteristicwasalsoobservedinthewind-
tunneltests.

Ams AeronauticalLaboratory,
HationalAdvisoryConmrltteeforAeronautics,

MoffettField,California.

.
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Figure l.- Thewing-flowteststationwitithemodelinBttied.
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Taper rofio = 05
Thickf?ess rotf’o =.044c
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